Bacillus eiseniae sp. nov., a swarming, moderately halotolerant bacterium isolated from the intestinal tract of an earthworm (Eisenia fetida L.) values between the isolate and the reference strains were ¡38.3 %. The DNA G+C content of strain A1-2 T was 38.5 mol%. The predominant menaquinone was MK-7 and the major polar lipids were diphosphatidylglycerol and phosphatidylethanolamine. The major cellular fatty acids were iso-C 15 : 0 (51.5 %) and anteiso-C 15 : 0 (29.6 %) and the cell-wall diamino acid was mesodiaminopimelic acid. On the basis of 16S rRNA gene sequence analysis and chemotaxonomic and phenotypic characteristics, it is concluded that strain A1-2 T represents a novel species of the genus Bacillus, for which we propose the name Bacillus eiseniae sp. nov. The type strain is A1-2
Several species of the genus Bacillus and related genera have been isolated from the intestinal tract of the earthworm Eisenia fetida L., where they play a role in the earthworm's ability to make nutrients more available to plants by breaking down organic residue into compost (Edwards & Fletcher, 1988; Kim et al., 2004; Tripathi & Bhardwaj, 2004 ). E. fetida, which is known to gardeners and others by several common names, such as redworm, brandling worm, tiger worm, red wiggler worm and red Californian earthworm, is an excellent vermicomposting earthworm and can process an amount of organic matter equal to its own body weight each day (Hong et al., 2001) . It possesses digestive enzymes, including amylase, cellulase, protease and lipase, and benefits from a symbiotic relationship with intestinal micro-organisms (Hong et al., 2011) . Microorganisms such as bacteria and fungi provide the main source of nutrients for earthworms (Schönholzer et al., 1999) .
The genus Bacillus was first described by Cohn (1872) and includes Gram-positive, endospore-forming, aerobic or facultatively anaerobic rods that test positive for the enzyme catalase (Ash et al., 1991) . The genus Bacillus includes more than 200 species and is one of the largest bacterial genera (Logan et al., 2007) . Bacilli have been isolated from a wide variety of environments, including volcanic soil , sediment (Ruiz-García et al., 2005) , deep-sea sediment (Bae et al., 2005) , salt lake (Xue et al., 2008) , blood (Ko et al., 2006) , raw milk (Scheldeman et al., 2004) and peat bog (Albert et al., 2005) . Some members of the genus Bacillus possess the ability to swarm on the surface of solid media. Swarming is a rapid movement that directs cells to the edge of a colony on a nutrient-supplying surface (Kaiser, 2007) . Some members of the 'Chloroflexaceae', cyanobacteria, Cytophagales, flavobacteria and myxobacteria are also know to possess swarming ability (Reichenbach, 1981 novel strain with the ability to swarm was isolated from the intestinal tract of an earthworm and it was investigated using a polyphasic taxonomic approach.
Adult E. fetida were collected during 2009 and 2010 from an earthworm farm in Eumsung, Korea. Cattle manure was collected from a commercial farm in Wonju, Korea, blended with sawdust (1 : 1, w/w) and composted for 5 weeks. The earthworms were stored in composted cattle manure at 20 u C with 70 % relative humidity. Strain A1-2 T was isolated according to the method of Shin et al. (2004) . The surfaces of earthworms were disinfected with 70 % ethanol and sterilized with the flame of an alcohol lamp. Intestinal tracts were isolated by surgical operation and thoroughly suspended in 9 ml sterile 0.85 % NaCl supplemented with 0.01 % Tween 80. After 10-fold serial dilution, the suspensions were plated on trypticase soy agar (TSA; Difco) and incubated for 36 h at 30 u C. A novel swarming and moderately halotolerant bacterium, designated A1-2 T , was isolated and routinely cultured on TSA. The type strains of five species of the genus Bacillus were used as reference strains in this study, as detailed in Table 1 .
Morphological characteristics were observed under a phase-contrast microscope (Nikon) and an energy-filtering transmission electron microscope (Carl Zeiss). Gram-and endospore staining were performed using a Gram-staining set (Difco) and the Schaeffer-Fulton method (Smibert & Krieg, 1981) , respectively. Growth at pH 2.0-13.0 (at intervals of 0.5 pH units) was determined in trypticase soy broth (Difco) adjusted with citrate/phosphate or TrisHCl buffers (Breznak & Costilow, 1994) . Growth at different temperatures (4, 10, 15, 20, 25, 30, 35, 37, 40, 45, 50, 55 and 60 u C) and with 0-12 % (w/v) NaCl (at intervals of 1 % NaCl; at 30 u C) was determined on TSA for 7 days. Growth under anaerobic conditions was determined on TSA at 30 u C using a GasPak jar (Merck) for 7 days. Catalase and oxidase activities were examined using 3 % (v/v) hydrogen peroxide solution and 1 % (w/v) tetramethyl-p-phenylenediamine dihydrochloride (Difco), respectively. Biochemical characteristics were determined at 30 u C using API 20 E, API 20 NE and API 50 CH with API 50 CHB medium and API ZYM kits (bioMérieux), according to the manufacturer's instructions. Antibiotic susceptibility was tested using the agar diffusion method with antibiotic-impregnated discs (BBL).
DNA was extracted using a DNeasy Tissue kit (Qiagen), according to the manufacturer's instructions. The 16S rRNA gene was amplified using the universal PCR primers 27F (59-AGAGTTTGATCATGGCTCAG-39) and 1492R (59-GGATACCTTGTTACGACTT-39) (Lane et al., 1985) . The reaction mixture (20 ml) contained 10 mM Tris/HCl (pH 8.3), 50 mM KCl, 4 mM MgCl 2 , 0.5 U Taq polymerase, 0.4 mM dNTPs, 20 pmol each primer, 1 ml template DNA (20 g ml 21 ) and sterile water. The thermal cycling was done using a Mastercycler (Eppendorf), with an initial denaturation step at 95 u C for 5 min, 35 cycles of denaturation at 94 u C for 45 s, annealing at 52 u C for 45 s and extension at 72 u C for 1 min and a final extension step at 72 u C for 5 min. The identification of related sequences and calculation of pairwise 16S rRNA gene sequence similarities were performed by searching public databases. A phylogenetic tree was constructed from a multiple sequence alignment using CLUSTAL W (Thompson et al., 1997) with the neighbour-joining (Saitou & Nei, 1987) and maximum-parsimony (Fitch, 1971) methods. Bootstrap values were calculated from 1000 replications. MEGA version 4.0 was used for assessment of the phylogenetic tree (Tamura et al., 2007) .
The isolate and the reference strains were subjected to DNA-DNA hybridization, DNA G+C content analysis and cellular fatty acid analysis. DNA-DNA hybridization was performed to determine the relatedness of strain A1-2 T to the reference strains. Hybridization of extracted DNA was performed using a DIG High Prime DNA Labeling and Detection Starter kit (Roche), according to the manufacturer's instructions, with a hybridization temperature of 40 u C (calculated with correction for the presence of 50 % formamide). DNA G+C content was analysed by HPLC (Young Lin), as described by Shin et al. (1996) , using purified chromosomal DNA from Escherichia coli as a control. For the analysis of cellular fatty acids, strains were harvested after cultivation on TSA at 30 u C for 48 h and the cellular fatty acids in the cell walls were extracted and analysed according to the standard protocol of the Microbial Identification System (MIDI; Microbial ID). Extracts were analysed by GC (Agilent) as described by Miller (1982) .
Polar lipids were extracted and analysed by two-dimensional TLC according to Minnikin et al. (1984) . The respiratory quinone system was extracted and determined by HPLC according to established methods (Nakagawa & Yamasato, 1993) . The stereoisomer of diaminopimelic acid in the peptidoglycan of strain A1-2 T was determined as described by Staneck & Roberts (1974) .
Strain A1-2 T formed yellow, slightly raised colonies and exhibited swarming after growth on TSA at 30 u C for 36 h (Fig. S1A , available in IJSEM Online). Cells were Gramnegative, facultatively anaerobic rods. Although almost all species of the genus Bacillus are Gram-positive, strain A1-2 T was confirmed to be Gram-negative, as is Bacillus shackletonii . Cells measured 0.6-0.863.0-3.5 mm and contained subterminal endospores (Fig. S1B ) in slightly swollen sporangia. Under transmission electron microscopy, cells were observed to possess peritrichous flagella (Fig. S1C) . The cells and endospores of strain A1-2 T and the reference strains had the same morphology.
The 16S rRNA gene sequence obtained from strain A1-2 T did not match any sequence from other known bacteria in the public databases. Initially, we retrieved and evaluated the 16S rRNA gene sequences of nearly all members of the genus Bacillus with validly published names. Of these, 21 sequences were found to have close relationships with the isolate and were analysed further. The phylogenetic tree constructed using the neighbour-joining method (Fig. 1 T represented a novel genomic species of the genus Bacillus, as none of the strains of these validly described species showed more than 97 % 16S rRNA gene sequence similarity with the isolate (Stackebrandt & Goebel, 1994 ).
In comparison with B. horneckiae NRRL B-59162 T , which is able to grow in up to 11 % (w/v) NaCl, strain A1-2 T was able to grow in 0-9 % (w/v) NaCl and was considered to be moderately halotolerant. Strain A1-2 T grew at 15-37 u C (optimum 30 u C) and at pH 6.5-11.0. Other differential The distinctiveness of strain A1-2 T compared with the reference strains was supported by the cellular fatty acid compositions (Table 3 ). The major cellular fatty acids of strain A1-2 T were iso-C 15 : 0 (51.5 %) and anteiso-C 15 : 0 (29.6 %). The minor fatty acids were iso-C 14 : 0 (6.9 %), anteiso-C 17 : 0 (2.0 %), iso-C 16 : 0 (1.8 %), iso-C 13 : 0 (1.5 %), C 16 : 1 v7c alcohol (1.5 %) and C 14 : 0 (1.3 %). The fatty acids iso-C 15 : 0 and anteiso-C 15 : 0 were also predominant in the five reference strains, but the isolate could be distinguished on the basis of their relative proportions. Such variation in the proportions of major fatty acids is common within the genus Bacillus (Logan & De Vos, 2009) .
T displayed a complex polar lipid profile consisting of diphosphatidylglycerol and phosphatidylethanolamine as the predominant components and also phosphatidylglycerol, three unidentified phospholipids and an unidentified aminophospholipid (Fig. S2) . However, strain A1-2 T did not contain an unknown aminolipid, in contrast to B. horneckiae (Vaishampayan et al., 2010 T . The diagnostic diamino acid in the cell-wall peptidoglycan of the isolate was meso-diaminopimelic acid and the DNA G+C content was 38.5 mol%. The predominant quinone was menaquinone with seven isoprene units (MK-7).
Thus, on the basis of 16S rRNA gene sequence analysis and chemotaxonomic and phenotypic characteristics, we report that strain A1-2 T represents a novel species, for which we propose the name Bacillus eiseniae sp. nov.
Description of Bacillus eiseniae sp. nov.
Bacillus eiseniae (e.i.se.ni9a.e. N.L. gen. n. eiseniae of/from Eisenia, isolated from Eisenia fetida, a species of earthworm, the source from which the type strain was isolated).
Colonies are yellow and slightly raised. Cells exhibit swarming when grown on TSA at 30 u C for 36 h. Cells are Gram-negative rods (0.6-0.863.0-3.5 mm), facultatively anaerobic and endospore forming. Endospores are spherical or ellipsoidal and lie at subterminal positions in slightly swollen sporangia. Grows at 15-37 uC (optimum 30 u C), at pH 6.5-11.0 (optimum pH 7.0), but not at pH 6.0, and with 0-9 % (w/v) NaCl. Positive for catalase, but negative for oxidase. With API 20 E, positive for acetoin production and mannitol, inositol, D-sorbitol, sucrose and amygdalin utilization, but negative for bgalactosidase, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, citrate utilization, H 2 S production, urease, tryptophan deaminase, indole productionand gelatinase. With and streptomycin (10) (Fig. S1D) . The predominant menaquinone is MK-7. The major polar lipids are diphosphatidylglycerol and phosphatidylethanolamine. The diagnostic diamino acid in the peptidoglycan is meso-diaminopimelic acid. The major cellular fatty acids are iso-C 15 : 0 and anteiso-C 15 : 0 .
The type strain, A1-2 T (5KCCM 90092 T 5JCM 16993 T ), was isolated from the intestinal tract of an earthworm (Eisenia fetida L.) from the Republic of Korea. The DNA G+C content of the type strain is 38.5 mol%.
